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#S± Will * (*2«) 



(57) mm 

F./ty ft. 

he- ;i/ttn>Ka..— * (10) CAA^MS. 

Ka- * (io) cD^D-bv-y-cffia^^A^-rs^ 
a*«iwiiBft#"t-*. bvKa-* do) 

fct»aB«-WK:iftM*C»^T4''5 7-f f ^aw (1 
8) rtc*— v-n/*B«U SfcttHa**MB**ff*- 
So 'J>&< 1 -PCT^f-a.^— *tt* yf-Xti&W; 

-f*^W;** — > (12) j>fc«#Ufc*v?vM* 




( 2 ) 

1 

HK¥fi&J^*iB***-S*y*Aa»ti^ s» 

ffi«K:at-5V'»"tlSSIB3>Ki-*0^ , D-bs>l?-K:ffl«« 

J: 5 lclM*U *IIBffiB«*ttffi«*2* 10 

kt^^j.*— ^ttwiaro-fe y-y-t «fc m^stifc 

AflHWca-S^TlTOEafcaWJU miiBT'^^J.^-^ 
fctiiu83* *^A#SSBfcB«a* IB* -f - b* 

t*y&$ »y^-n> ho-;W 
[ff:3US2] BuI33>t;i— *fcfciJ>;&< fc^gB^K 

^7<( ^^3S^rt^*-v;i/^gBe-r5i»^ i cia 20 

[8S#Jg 3 ] bu§3^ y^A:*J^B&* *>=f-?\v Ftffe 

u— >^6^ei^nTv^is*a 1 cf3«©ft&i&7 

— bvty > hn-;w 

[Hf3fcK4] B5f3^^^A^Se{±^^^^^ u-> 
i:btBuB3=>>^3-— *CD7*-f ^7"U-f 'J — 
*nsif^ 1 fc83«©flfe»7 -f - YH*J#9 > 

7-f — bviy#* bn— ;w 

[W#JS6 3 SuI33>tri-^tt*-^^= 3 >^ J - 
— * -e<ij. Sit ^11 5 C83«CDgfi{S7 -f — bVt «y * * y 5=- 

£ #J8t # ftT v n £ ; n 7 > V £ m \i h fix v > S tf*Jl 
1 £i3«4<D&i^:7 -f — Ynvir* vf-zi> bo— ;k 

^ 1 icg3«i©M^7 -f-l»^s»^*vf3> b d— ;k 40 

Li*** 9 ] j.— tf & -3-— y *Hsy* bfc^s^fr* 

[ if *IB 1 0 ] Su!3WIW*K)<£«:* *-f7*T-<&&SS 
#iH 9 ^IBiBcDM^7 -r - Yrt v * * * ^-3 > b o — 
;w 

[8&33&K1 1] S563* y^Aa&BJi^-— if©4>&< 
h & -oCD^T't§f££ f\ > F^Btfm 7 i> > 
^tc— Wb$tLTV^W*ia 1 t!3®©M{®7 -f — bVt 
»;^»;f3>hD-;i/. 50 



gt/BSf fggfiig 3 0 8 5 4 8 1-9 
2 

[ff 1 2 ] buI3^> bWl« b'&BttB^fi**: 

[ft*«13] buI3 / J>'&< fc*— ■?(D?>7 : f-3-^—* 

££iii:fc-r3fc«>fc:itijI3* y^A^St^^ttfc'J^ 
< i:*)— ^©i&ADCT'^i^— ^ ^^fStS^iS 1 
K §3®©M® ^ — F ^ v ? 9 v 9- n > h n — ;i/„ 
[tS^ 1 4 ] Bu!B*/ttiiuf3* ^^A*^S©mil3^ 

Mas©® mzmm. t n s &Bt>x- $> & m&m 

^>^{C^S{C3*i^^nTVA?)if5t<^ 1 4tI3«©M^ 

&m&m 1 4 lz|B«t<DM7 -f — bV^ «v ^ ^ y > h 
d— 

[i*5RJ117] 8ui3T^?-i^-^(iBEmT^^-i^ 

^^trassRia 1 izmmommy * - * * 

fax- ^*$trif*«lCfB«©g4Si7'f — bvty^ 
— 

[§|$i|2 1] mi837-D-b^-^^e,^-gtbfc^^^ 

[ff^iB2 2] sulBT^^i^— ^JimllB^ ^^A^J 
^BttSttSfctt^^^M^&tB^-rSii^Ji 1 C83« 

limm 2 3 ] hu83^ v ^\lj£iW&&.®L<omttiZn 

©Jffllt- 5 » t B5I3 n > K j. — ^ t <t o t Mffl ^ ti Z> m 
58S*S 1 C83«©M®7 - KAv * * yf- 

[§*5l<iB2 4] BUlB^'feS^itgf*^^ U x-Ol'-ha 
> b D-^mftS-Btf BIS»« 2 3 CI3«©M® 7 -f — H 

[W«91 2 5 ] ffilBJI&SWtgtttf* >JfE*dtyB 




3 

im&m 2 6 ] mwp* < t & i o©$ti£«:, mm* 

aM^tHitbTV^if*^ 3£|3®©g&S:74-K 

[if ^ 2 7 ] i— !f ^HiifB-o©^* 1 £ fufiSffll© 
-o©^fc&M$rt*£#i&£-eSi^ ^^ffi^-Ti. 
if #31 2 3 KfB©©MJ&7 - KAs> * # > b D 

[flt 2 8 ] aufBSMSBKfSKStttCiiufB* 

a±j^b©si& h&B*&iii -r s s> u 
mm&tiiztitzmmt tafftiu < ATj^fctsuiB 

r? > t j.-^Kj^«^tiSif5R)a l £IBtt0J!MS7 — 

[ff#lI2 9] «HB7*P-fevU-tt* ME**** a* 
bt\ HulBA— V^iiHuiB^^^-f -y^lW©^?? 

m 2 £§3«©8$f&7 -f — K a s> * * > b p— ;w 
[if5R«3 0] ii?j§3^74 y73»tSS£^x-£« 
jjsU i^^-j-— 1*1©^-^— SfRKT-mii3* — V;!/* 5 
SttSi:, gJi3*^A;fcgB£A;i/7£l±i7jU K 

iiuf3A;i/*&iiuI3SM*B£MftTV>£>^— ^ 
t: ffiB3a&-r % 2 £gatt<Z>tttl8 7 -f - bv t 9 * * y 

[if#iR3 1) B0i3^77-f ■^Slt/'fnVSa 

IB^^A^BK^l/T^ffiTjU gUVl/7C«fc>)iiu 

* msasm&m izmtix v^ « jl— tf t awss-r * if * 

JH2Ci3«Jcr>8S{®7'f — KAy7*y^P> bn-;i/. 
[if#iB3 2] ffitZ-? 77^ <y^3S^^-j--*a 
7jsU =a— ft©* ^a-S^F^T-BuIBA-V;^ 
HugB^f^A^BC^Vi/^^tb^b. B 
yt;t/7£«fc t) fltllB^ ^^A^M*Bul3z W^t&oT# 

tMaS-r** *3i 2 CIBtt©ftUB7 -f - h'Ay 7 * 

[if5Rii3 3] mw?y'< ^WKD*^- y 

&rslf#«2£f3«©li4#7^-f Ay7* v*-3> 
b d— ;w 

[1**913 4] fflt*3>Ka-*CA*U ^ff 



3 ) nmm&mi 3 0 8 5 4 8 1 ^ 

4 

itulB* y5 L A£gBtt^-if#®ft£iiSI31gfcli3l®±© 
<4B£*-3^T 85133 > ta- *©7"P-fe yit«C{&Bft 
^£A7J-r§«fc-5£i&fEU 85f3{£B{t^fcM3ifi£2}fc 

MfBT^ax-^tttBteflfiagS^fru 85137*7?- 
a x- * gil3¥S&Sm*@ Jc T 

10 «a*>£ffi;tjU luiBWS^^SufB^^^A^B*^ 
bTtiifBScMSH^M^TV^-SJx— if t^J3l"t'-2)M^7 
-f — s> 7 £ y-^-P > b p— 
[if#«3 5] 85I3p>^j.— *tt'J>fc< fcfcSB^ft 
£85§3t£B<3"f'£S''3V , >T7 f -f 7\7*l"l'i£fi£l£?n£;ft. 

fr? ? 7 4 v zm$Lto^*>—v )\s&wtm-$rz>m$mz 4 
k i3«©M^ y -f — ^ y * * y ^ n > h p — )w 

[if^J»3 6] mitt"??-**.— t&W&TZJ-a.x- 
-*X-tb*), ^T^^ix-^tiHljiBaiSHfi^BuSB^ 

20 i^i&^-B-?)if^3 4 tE«<D««B7-f-K^f ^ *v 

[if#JS3 7] Biif3^'i'5 1 A*SSB:tuiBP>t:x- 

if 3 4 Cf3^©«4^7 >f - Yrt v * Z 
v^-zi > b p— 

[if*^3 8] BiilB^y^A^^BttfuiBPVtri- 

^. -5 if JfcJR 3 4 tf3tt©M®7 — hvw ^ ^ >^^n > 
b p — 

30 [if#JR3 9] ^^^*^ff^SP>t:x 

ji-ifCJ:>3SM$^l»^^^A*SBi:, ^^^5^A 

miI3^>y^A73^efiv K^^^A*^B©¥ffi3tt*ffl 
±©i-ift:«tt)gEM^nfctSiB*^U buB3p>^ 
x— ^^BtBui3ffiB*^-r<aB<l^*#^.5ii>^< 
ti l-?©-tr>it£*U lufBP>t:J--^^B{i'J>*:< 
h *)§|573-0gicii)fB{4B«^CS^V^TBtiIB^7 7 y 

40 i«fltA-y;^Elbv 

t)^ HfjfBTjtffSt: «t ti HllS37''>7 L x^— £t£H3f3* 
A7j^fi±t73*t±J7Jbs Bu§373(iluI3*-V;i/tS* 

b 4ffiSffffl iiffiM bT ^5^-if £84^7 -f - HA w 

[if*iS4 0] buIB^ y^-A*«E«K:aa*$*i*l3B 

50 r fe •& if 3 9 fc 13® ©^B. 




( 4 

5 

*U £D7"D Hz y ^11313*7. hl/P-tey-y-* 1 

6llMBafll«*a«U Bui3f&J®m^£iiuiBr7^i 
— * fciSffi-T 3af 3 9 C§3«©^Bo 

[ff*il4 2] Huf3^77-f 
^fflttHSiBA— V;i/i:iit'i38&57*^7>f y ?<®1#£<D 
RS©®3"i£-gtrif-£3H3 9 £l3SS©^e. 

&3if:£J*3 9Ci3«©^eo 
[ffi&H 4 4 ] buI3^ y^A:ft^Stt> 
2SB© miB3¥fi^*® K «& WI6 

ji- 7T$>Sif#JS3 9fc§3«©OT. 
[if#*4 6] *X h 3 VKa-* A t*St 

ISti^S*^®**^*^** U— >^ BfJiB^tl 
5fe^ y ^»ac«tt2r:h.fc'J*'*i < 1 7C7*fii 

tfa'&ML-CV^auiB* ^^^HOtitBlcSrJWT 
JftU 

B3i3T73^^-7«U KrE»iBfc««UTV^J.— if 
D 2> Bui3¥S*^HCSil*^€:ffl^-r s> 

y— w >^-7i-^. 

[«*JS4 7] gi!3T7^i^-^tt. riuS3¥*I&* 
y5"-"£iS fciSi&;£j£^-;t SEtTi'f- ^— 7 T-<fc Sit 
$94 6£f3*S©8feg* y^77 'J— W >7-7^- 

7c 

[fS*^4 8] Buf377^J.^— W&W&k* 

ib&m&m* 6Ci3«©8&S7y5"-7v* y-w 

7 X. — 7xo 

[H*ia4 9) Bg|3¥S^^y^®^ ^tt©a 

t£C> Btii3¥S*:^^5 L S®^Sfi^^ra< ;: ^&- ::, ^' Pl 
^^>^t^TbT^l!>qJtfe-r-$.i)ff*ri4 7£i3«©M 

vi-xt y— w 

[if sRii 5 0 ] iiuiB* y f-aifittRHJittoauS^gMc 




) Hffi«ffge@S6 3 0 8 5 4 8 1f 

6 

«toT^S$^ ilftfcet !)ii'jf3¥fi&7y3 L *ffli:iU 
huI3 3 <* ft? 9 *— * tfiuSB* 3 * fe i: 
§£ N Su§3¥ffifc*y3'-S®£Sit£;£ft£i&^"ts >** 
■7^>^{cMU-C^ii)oIt6T-fe5i«^4 8 tl3«©M 

v^-y^y y— w >^-7i-^. 
[8***5 1] «E**f^ffi***^4:i:«*-&to* 

[lf#JS5 2] WB*ftfl*«*** = 4:l:ift*'fi'*'* 

[Bjf#«5 3] Hul3*{iJl^&ff^tioT^$^ 
Sffi»*tfifeSlf«3«4 6KlGik<D|M^9^^U- 

[»#*5 4 ] S3E*tt«JBS)*ifceD*-©-!M 7^ 
C«koT^^$n5^Vl'7.*-Cfei.§S5f<lB4 6£f3«© 

©js* y— w >*— 7^— 7. 

[if 5 5 ] itui3:£rtiMII8W&^©m£&©1M 7 
;Hc<toT^$ns««J*T*$)SiS^4 6 u:fB«© 

as*®* y— w 71— 7. 

7-lC<toT*i^$il-&S»*lT-fei)if**4 6 ICBB«© 

[EH©®#*i5iB^] 

[si] » K©««ia. 

[02] v h* *-&tr»PB$iJ»«B© 

[0 3] ^ v*>iv \*<DTfflK.Wltfi£titz 1 *&fcfcffi 

[04] ^SgCD^y^-W KCffflTi'f-ix- ^ 
[0 5] W*7^fax- ^&$tr*%^©^?'5 L ^ 

[06] t«f4s«^*-rs*#^©^ f H©^ 

3*iSE^S©ffi!l®0o 
[07] *«: *»J»«B«ft 4 
KO 10!l©2p00o 

[08] (a) tt*%^©^^^7x7y->©^i£JK 
fflft^-rsFBIBI. (b) tt*f^^^'J->© 

[^©iftW] 

1 0 3>tl-* 

1 2 7^7s7"W77 'J — > 

1 4 dr-^- F 
16 ^»?;t»M6 
18 7*7 7 4 y73g& 

2 0 *— v;i/ 

2 2 ^^>K^ 
2 4 7^3> 



( 7 ) I]9lg$ 3 0 8 5 4 8 1f 

[ 0 0 0 1 ] 
[#£©#«] 

?> CD t <£ffl $ ft 5 $SB t? & o T a. .- if CiSS 7 -4 - K K 9 7 (haptic feedback 
) $4A5llCHt5. 
[ 0 0 0 2 ] 

ASili«*47r'J >r — > 3 >T-i?Sii5<tU ! MtSm:^ > * - 7 x - * 

g - £ b *: W <b » T- & S o AFIttS**7'7'J^-->3 
>f3>^i — i'glt'f 7 x — ^Srt-oTV-iSo & 3 # i? T- s >f — h. 

v ^> ? <{ v ? m & ft r- * - v » & ffl w -? % en iz & m $ n . znt-><DT7 

[ 0 0 0 3 ] 

fe50^-7i-^il^tt> i7-f-F^'^ (force feedback) £ 

-< - f ^ (tactile feedback) <b 3. — lf£-5-££>ft3<> CCT-ti 
, Cft£>£*-&#j£ rjijg? ^ - p;^>?^ (haptic feedback) j £ %f> f i> » 00 
fcf s ftk IS — & a > © 3 -f * ^ 4 v * s t> 7 , V — A i\ V Y v * 7 "J > 

& ^ ^ 7 h^fflSftffltl^^T> a. - if t * "* a 

[ 0 0 0 4 ] 

;u©J;-5fc=i>^* h * M B **'« /B £ ft £> . > K a-i' t* ^ ^ t: W 

JRI © J; v» © tt s r^f;ty h fii, ^ ft 14 , /J% £ & *g ffj © ¥ S ft ^ ^ K T- 



( 8 ) nmmm&mm 308548if 

v + tw h* t feii n s k >t * p ± t* m * & m £ * x v ? ? * * * m m x m. ™ * ti & 
jb-v^fe^w***. flb©*WJ&»"eB:* 3. - tr & * * ^ » k ± t * * -f 5 

;* * 77§gist i: & x & 5 . 

[ 0 0 0 5 ] 

^tfe D t^iiSlitt ?4V^. ft*c* sf^f K tt # — ^rr/i/ar/Ka- 

[ 0 0 0 6 ] 
[#36ffl«lS] 

[ 0 0 0 7 ] 

5 c n > r i - * « '> ft < i:*,g|5^-fl<}tteB(i^tac5v^T7 ; 'f^7"U'f^eK 

«;^«fit*-V)^lStl. 'J> ft < i> 1 o © 7> * 



( 9 ) mm&m&sm 3 0 8 5 4 8 1 ^ 

[ 0 0 0 8 ] 

* * 3=- A ^ M fci^ :3>£j.-*©7 ? 4;*:7 , U-Y;*£ U— Vfr&a-KSixfe* 
fcfc ;n > FA>FgIO^')i'>^f:-ft^t5-t* i f ^ * li 3 > ^ a - 

* > t^S'f ^Ti'J-ii - * * Jlt'Jryh'*^* — V U * 1* % * fc ffe © 

X^SBtafii*® (grounded surface) £: © K m £ ft 3 ° ffe © * ffi Jfc M 
T•^i^ T^^i^-*t*tS14ft*£lg^;*ft5. d C t? x 7-^^i^-^tt¥S 

^ _ ^ © ^ ^ >?Dt^4>^H/fe^ y ^ £1 ® © v ^ d 7 n * «^ li t> ^ 

^ a 3i - * * M » 3 . 
[ 0 0 0 9 ] 

III, £ BB £ * ^- -V (spatial texture) © <fc -5 & 84 J® & > UfflZ 

fttz* — v k h v ? ? << v >? n&n v> v ? * ytnto&tvmuttmfcft-vztii 

;*;;*ft&©#$?aibV->o 0!l£fc£s *-v;i/* s ^-a-^©/-J-— S^H^^tt 
S ft fc i: S % 7 , -f:3>±£;!£i&;*ftfci:^ * * vMi a >) > * ± ft » t * 

^ FtS © t£ & ~ £&i>&l!Si:li9jt£-££ - 4 s T? * S . 
[0010] 



(io) mmm^mmmz o 8 54 8 19 

* # m & * » » v * * * * * ,J - y 0 * * * 3 v K * ~ * ® ¥ a ^ * ,y 

^■3>bD-;v8«K:«HBft*«t:-*it4.»*ttN a. — if * « Jft b , ^ - If £ 
^ n i-y^^-y^h^n^SCtJ. * x * *t £ . 

^ & H fct , 3? ffi 7? . 3>;^ff*5< m*«§* s ®<> i£«&*-*7^3> 
i) » 

[0011] 
[0012] 

[#^©Hiffi©^ffi] 

El 1 tt x # # 31 © 84 *® * »f l»t*tJ#-^^ , A'=i>K3--* 1 0 © & 
EI t? S o 3>Ka-*10tt#*b<tt#-*^^-r*to* r 5^b^j 
3>Ki — * t? ifc t) > .a.-tf*«J*-&»A/«&x iits^i:* 5 -? @ 5g « iS K 

ioAT^yyy-**©te©tf-*?'>»'««fc*&fc«** x *» 3 > k j. - ^ 1 

[0013] 

33 > f .3. - * 1 Oft, a-ift^77-f >^^iS^$Ui±i^i>7 r -f^7'^'<^B 
j 2x jl — ifipf,3>ta-^t*^*fettb^;i' (toggle) A±>&-5-3.£* — 

— K 1 4, £ J: tf * # 3fc © * f ^ *J 1* 1 6$r-^tfHl^^tifci-5^ffl^©A 
**5«tlft±S*^B^^tr. T^7HgE12tt, #*&*f7'©^.f*7'V 

mt>nmx-&z>o 7 * \s J mm. 1 2 & , mltv^tt-';*— >a>^n 

^^AJStF/XJi^^V — ~> 3 >^>^t l ^^S' :3, ' ,, *^> ^. — If A * t «t t> & S) £ 
t5:t#fl5*-V*20, •> -f > K •> 2 2 , 7^3>24, ^ © ffe G U I 



(11) iWllig3 0 8 5 4 8 1f 

SlSt-&»©^77 ^ >V^ft^ttr^77-f Ji )l 3- - *f <( > 9 — 7 3- — * (GU 

I) OioS^77^f^lil sii^tsiitff IB«SB (n-K 

7 f .*;**] J 7-f7\ DVD-ROM h-7^f 7f ) * *»b!7-**- ^ * ^ 
7^i> h , y-AD>bD-7?CDi©gl§a>ta-^ 1 0 £ 2* & # £ 

tz&mm. u & <t ^ . ttmvnmi&mx- it. 3>ta-* i oa, * ± x a * © 
n % a-ifoK-fr-si^^nv tffl$ft5#-^7 r ;i'SiSttfi£®*»i4t 

KttfTlS. Will, *^ f3>ta-^ 1 Oli, tr^3T'7*-A3>V-Jl/ 
v — v ^- ;i/ n > a — * > y — i7^^ — ->3 > ^ u bf y a > r -t y h y y 
>7 7. (set top box) j % r^y H7 - ^nvtTi — ^ j N £ fc » ffe © i+ 

[0014] 

5«fc-5fcljl,*3©;b s « : £bV^ M 6tt, 3Zta T -*§ff£©7te>;b>&3li5 : £*fL 

„ it^t<t7C3>ti-i' 1 0©;N^^>£'K:$>£>3r — # — b* 1 4 fflT* C 

-ifi)S3>ta-^ 1 0 Zmft-t Z £ Z . a. - if fcfc * y ^ ^ * H 1 6 © ± £ ffi ft 
£fcttfl!l©f!!ffc&M^ lfiftS»*"bTMf5t5^77^>y^«l 8 © # 
— V ;i/ & # » 3 •£ 5 . 
[0015] 

lb f£ ^ *»*->1vl*16ttv St * » *■ i\ V F ± ( * *: tt ifi & ) © *J # © tft ffi 

fi>o (*#©#<©* s>?-^yK©<fc-5^ ^'jf-^yM6ii§is, jsjsm 

3§u S*i>^'f7"©^tll§§%ffiffl1-SCi:A s T-&i)c i> Si # © * f 5=- ^ s> K © 
IElK«)tt, #J;U£*B!8fFSS5 5 2 1 3 3 6 9 MS 5 9 4 3 0 4 4 ftlf Stl 

fctt-r*»tt©E:frftttai-*-*£E:&J68lTf»!K gE ff # J: !> ^ f K © ^ S Ji 



(12) am«f*S*»3 0 8 5 4 8 1* 

* Ftt*S»C»'J>4< t*,S5#tt£M°Jt&-efc^ E ±) # If £ © <4 

■ tin*, fc. s»tilt*tf5*t»tft»»c»»t«. 

^ fe5t 7 ^ 1I _ n ||t5ii*!:©ili:ISi§nfeI«SS!iS (tu 
ned compliant suspension) ifi & b tl X ^ & t£ Z> * AS*8(S"i"Sii:i s t?S 

v^ ^ © fib CD at St © * f ^ ^ v F «t 0 S < I t t . Jj»f;i?FlCil(IE 
Atff <©S^, M « 7 -f — F * v * <0 1t » CD * v * K v Y (DM 8b t.=F»-T 4 *» 

r # y * ,\ * y j cd m e t* > eonicB*. * * ^ » I* * 

[0016] 

9 v + Y 1 6 t± s BE # CD * * ^ * h-caHUfeiffStJCtfJfSK 
„■ * y y K±cDfi$£cDS£fi«#-v;i/#^7:7^ s>*3»*ET»»»r<&ffi«fc 

gut, *-v;i/S»*-*-£ i: £ iSI 3 . - ti fct > 

U ( indexing) j SliffeS. S *> C > *<©^f/<f Hft, * - V *tt B 

j;53S:fHI5»ttH:ia7*#JWb-CJBlTK:»aiK:»W-r*» »S*JfiraJB-Ctt» * 
9 ^ Y 1 6 , 3. - If ifi & <D 1SLW.X- * v ?■ J* v Y 4 * * v ? (tap) j ( 



(13) ^Pltgf3 0 85 4 8 1f 

T*.fcv^ #1 * fc£ . J. - -V & m X- s< v F * * v 7 [s . $.tz& r P 7 * y 7 j -f 

mm z ti tz * - v * t j 3>ts^TKT-f 3 > & m -r s „ 

[0017] 

* # fg T- tt v £ y" K 1 6 <i x Bi^ff P 1 6 k|liWCa)!ll (cont 
act) t5J--if ||tt*J|©J:3*t*l«7-f — 

A T V"» * . ttJS^-K^y^^y^^s'KofcafcBar** 

fct . til Jfc ( * fcfc S Jfc ) T & t> > z n t r& -3 t ra it ft s * v * n v Y 1 6 
©*ffifc3>tri — ^ 1 0©±@i:tclf<SSiST*fe?.. S&35IJEfl2<ST-ttx * 

i& fct $F * b < v% . 

[0018] 

* Y 1 6 Id g £ n fe 1 S & liS»©7^f ax-iS' Sffiffl UT, « 

x tBKl (nJgHfett-^iB*!) (texture) SttJ*J-f£;ii:#T-iS3 

o HCffliSilSiH;, F±0»Ottl$fett*^ bD>ta-^ 1 0 

<D# ? 7 4 y*3»«rt©ffl»3ft&*#©tt»K:*"3^T, £ £ V / £ fe £ JB © 

ra>t:a-^M»j i: # A & ft S . ;t»Fl 6 ± ft > J£-©-tt33*ri:bT 

H m M J® > fflfcT3£i:#TJ*4#% & 3 V tt 9 F©i08»fc»lT8llS 
[0019] 



( 14 ) nmmza&M% 3 0 8 5 4 8 1 * 

* S? > ^ fcfc , 3 > K i - 9 1 o*»e>*«***t*JR&N « 3 > K a. - * 1 0C(4 
09*«* az;wt;i/«>'J7;w^ (USB) , y y 4 7 V 1 * 
Sfettfii*5' , J7^^^tt> ^ yfM^ F^r/ta-* 1 0 & M -t £ Z. £ & 

[ 0 0 2 0 ] 

1 * & •£ ft W ± © * * > 2 6 £^ * H 1 6tSlbTffiffl$n53 

AifS^ASCt^t^. {& §« ft K , 2 6 ttT^A^ICl 

aiR-rsoKteffl-r-ib-^* 5 ^ ( * 'J » * * fc ** ^ ^ * * ,; y * } » ^ * * > 

« IS g& © * * > 2 6 C|S7^ - iw*y*#,fcrr/*fcB:«»***7-f- K >1 
[ 0 0 2 1 ] 

1f^CD2ocDS'5:2.M^4Pl^{c$iJ»-r?»-i:* s T«t?»o « *. tt . <& JS © i§ «J 

ffe © #J fct x ffecDSiJSi^^&AlbTM^i^^ - F/^>HAKHtl5. 
[ 0 0 2 2 ] 



( 15 ) mmm&mm 3 o 8 5 4 8 1 

tt ^ r 7*7 v 4 mm. 1 2±tc^i&©^5:7-<y*iB&£3i^-t3©a s #£Lo 

. * * F 3 > tf a - * 1 2fIff$ftSV7 Mi7tlili> IS fg 5fe M » ^ 
So 00 3. tt\ #7h7^'J«r-J'3>rnir5Att, 9 - K7Dt * ft W- . 

s tf^^-*fcj±3>t:i-^^-A^ mm? v 9 5 a s * ^ i/ - > ^ ~> * ^ 

A, 9 ^ V A % )\> 3- — *f 4 — 7 i — ^ , i/'iU — i/3>, H T M L £ tt 

vRMi>ft^zmmtz**7'^-v£friit7'7<7+} ! s m^m^yv 9? a , is 

HiF^->^7a^5Aittt77^-J'3>, * £ tt * v * t\ * F 1 
6frt><DXlJ*mm{sXl}7'( — Y J* v ? ^ •? > \* * ■$> v si y F 1 6 CUiijt 

— A?®ft077 l J^ - ^>3>7*D^^Atts — F ^ s> * ^ ffc 1* & «^ 

mm-t> u 7^-;i/-Tii+i-y->^-fe©'r .— ^ 3 > — ^ ^ — -> 3 > #> a # t- # 5 

I -Force (§j|j«8) , FEELit ( § ^ T$ ffit ) * & Touchsense ( § @ 13 S ) O 

«fc VN o 

[ 0 0 2 3 ] 

# y 3- F 1 6 tt ^ * * h n > t: — * 1 0CD"?>f*n:7*n-fe<.y-9-fc:#JfcP<§ 
^^IB^-rSiii:*)^*^ h©x"f ^D7Dtytffrf.C37> Fit Slit 
S©££<g&II|E§£$«>2>c:£:a j T-#£o 0>J tt\ iS «J £ * > * ( * £ W & ID 
Eg ) 6lca-1f<!)Sfflttl*<ltlt*©Cft»*h5' * * 

/t y I* *E B tt , *X h*6©I**S*Us g*^ 1 
Wl<Z>T 9 3-3- :t — *£{£ffiLTMf£££i!7J-r3[5]Bg£$'tro &5Sia£B!ST-tts 
^ v ^. ,^ v y l 6*=^ y *}- y F-fe>it5 ; — hCiS 43«tU t /*fc 

tt»jh^ba>6»ffibfc*=i^>Fft*ff-rftfe«>Ks 7>isibfe^3fo^-r * n 
7D*9f saits^k^-cis. 13 13 3 ▼ > F , #1 * tt\ tt J» © * *f 7" * 

9 v 7 u * v \t , * -4 -y-?xi J zv J &1*ti'7>?=f-3-^ — 9^U^tltz9 : — 
Clii^t^it^t^S. r * tf « j i: v^ -5 /8 i§ t tt , 3 ▼ > F / >t 7 - * 



( i6 ) mmm^mm 3 0 8 5 4 8 1 ^ 

> # y y \t 7 >? 3. - * & MB + Z> Z £ K. & *) . *^b3V>Kft»fib 

? ^ zizm.mK.nm? % ^ & * mm* m z.x s 

Umm. (degree of control) £ « & T 2> Z. t ifi T* £ £ » flb © ffl T tt . 

^ 3- )\ y Y 1 6 £ SS <=> ft tz 7. 7- — Y v ^> > (state machine) O i ^ & la 1 

? Z Z. t&X' S4*jft* # B 43 IS 5 7 3 4 3 7 3^£P*!fl£I3«S 

[ 0 0 2 4 ] 

^©^^ElT-feSo S^tt^>F^;i/l«»IWIW»*«3 0i:-t-*Ci:**T?SN R 
^ > F ^ A> Y 38 PH m m m S fcfc , i-f tfJtf t-fi5^lti^t< tt ^ E £ fc 
«|g§«)«ltg^jiPHW{CT^-fe^t-St)OT-$)S ( 00 J£ , r Hi y a > > Kr* 

DVDrp — -v — x 2)- — tf/tr^a-vs' — ^i/trj; 
mm z nfc&mvmm&Wtft?- z -tttbic . ^<o*>©**>3 2 *mmmm&m 

3 Ot-gtoS^t^T-tS. a. — If # £ £ £ « ii« <b L- *: |SJ A £ (directiona 
1 input) ft-^ASCLfctf-eSftiafc, * » * * v h* 1 6££e>Ci&tta-i: 
# t gr 3 „ 0O*fcf, SiJffll^ixSSg (controlled apparatus) \* , A — V )V # 
^l^tlSIS?^^ l J->S*bTlMfe.i;V^. £ ^ Hf^s»M6tt, 2 

«»*nfe«[*fctt'f^> r £ a <a t , «ia»b&j:-5fc3- — ifttfuBiiti*^ 

;i/ ( volume level) Ci D, t * » f ^ » I 1 * t tt^-ft W* ** * 

£ t ifi T £ 5 o 

[ 0 0 2 5 ] 

-O0«ffl«t UT, #J 8P £ ft ig ® (± > 7-f^PV7 h3-*l/-i/3>© 
We b-TV©J:$fc:3>fc:i — *S"*^^» $,5V>{i^^7^*;i/J--1f'f> 



fcSg 3085481^ 
£ ^ b X T Z 
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JE M 


7 >? f- i 
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£ ft 
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, £ fc i - If # 


$ s»f ^ s> p 
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P 1 6 ± » it 






£ b < 
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ft 5 0 » * b 
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*$■ n v P 


£ m * * ft s * b v © m ( s 
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^ ( 17 ) 



^-7x-7iiiIf/Jfett>f > ^ — ^ f h©«tdft*f Y O - P 
-b^$ft2.^^^^-^^a^^-2.fife©3>t:a-^ttS^Mi:1- 
— -tf tt , ^»f;t»n 6±fffi (Sfciiffe©^)^) S^lfi 

[ 0 0 2 6 ] 



( i8 ) mmmxamm 3 0 8 5 4 8 if 

y) jfi&£ 31 tig-T. Witts ^l©i^^T^^i^-^ttxW)c7)Siljt:#i, 
[ 0 0 2 8 ] 

T z ^ a ^ _ ^ 4 2tJ:oTai*$n5Sill©Jil&^tts 7 ? ^ ^ ^ - * 4 2 

**fcttis»©*s*tts tt*3ftfcM»e*fc«r5oTfW»-r*£fc* J -es4 

« ^Sffl7^ix-H 2#flt^tltH545, 2*fctt**L«±©T*7- 
- LaL _ ; j,^[Bjl^{c:ffil!jt-SCii:C«t»?x .fc S 1§ ^ t6 8> £ * * ^ ^ * 1* fc # "T 4 
£ # T* £ £ « ^5>t, — oCT^^a^-^^^^^^^®*^*^^'* 5, 
ns fhtflll^ftSi-CTi'f ai-^t»5S#, i - If tt s * » ^ * 
KCDT^^-i^-^^W-rsfiOT-, # 'jf^'J 1* «D £ # « «fc t» 4>3ilV>JgB&&#l& 

tKttffis. «)&s^t$i:®m<b$nfe«)*tt. ^t-eii&<vN<o*> 

VA s^L-ifoficD^Sgtt^* *) mmi? $> 2> <D 1: , M * 2>J £ ITASSi^t 
[ 0 0 2 9 ] 

^ f-tgitSffitiiD^-C, a. — -tf tt s Ft****!** 

fl©«5ftS«ltUU^. *KfcHJ*3ii.*«*tt» i — If © # fc # 

R^nfetfts^ueitj;^^^. Witt, - tf » , it <t 0 *> ie s£ 

•ffe©^#^ffifflL,Tt)«tv>. fesnir^-cit, »*ftiRi±-r*©t:wgy 
s&ttftSttffl-rsifctfTJSa. Witt, * * 7 * ^ > pj^ttgu^^Ji^it^ 

^^-5^fe©^^tt, a-fti^tftH^ns -t?fi:'i>&< fc*v><t>*<D*y 
[ 0 0 3 0 ] 

£E | 7 ^ faI _^42tt, $ y n y K 1 6tM^"SV'»<-QiP©#iJjfeS:^-f _ 



(19) ld£sS£3 0 8 5 4 8 1 ^ 

iyxomMKmr- r * * * - * 3>Ka-*****-'t*F ( 

S a ^ y f ^ ^ U - > ) 51 « *. tf 

»f f i 6 4 s s«iOA>>^>^tia;ite.nt^5 8^> ^ = ^ - * ^ ^ 

[ 0 0 3 1 ] 

E4li, E3C*tJ:5C*t!iSO*f^^9F 1 6 © Hi BE B «8 4 0 © 0J) B 12 

2fcifi»*16SftTV»4. Si W £ ft , fflT^n-^litStf^^f 

^u - * © » «i SB # ft , aiA->y>^4 lCWUTSJtl^feiSf*!), - 
^y^^^j-^^it;^ h* © & f& gB ft ^ * ^ > 4 ltSbTSI 

# \Z 2; *U 7? <fc S . 

[ 0 0 3 2 ] 

^ 9f ;t y H 1 6 ft, T ^ j. — £4 2£©#*^-r?>^fc#T-£, * ft 

!f S U< ft, d©ffe©^^^IS (coupling) ft, * 7* >J 
> ^ *S © <fc -5 & # S SK & * * JiS & #1 (compliant connection) Tr- 

ig, 5 „ £©J;-5fc«tt#*J6WlC'f£fcftT^fcV>»*, >»^^»M8tt, ^ 

Cfilt*i5 t, ttli*T?JW*tt (compliance) §f ITV> 5 ©#ff * 

o 

[ 0 0 3 3 ] 



( 20 ) mmm m&&m 3 08548 if 

[ 0 0 3 4 ] 

s 5 & , * # m <o ft © h.«e j& ff 5 o © w m m -c <& +> , Hf/wn6iti* 

fcttttO^^'J^yB 2©±tIiSftTVM. X :7* <; > ^ 5 2 « , * v + K 
y Y 1 6 * 3 > t: i - * 1 0 CD m 14 ^ •> > ^ K » U > K ^ v v Y 1 6 £ 

[ 0 0 3 5 ] 

)! l 6 £ it , K*»*-/tyl»C**(t#bBE**^'^9' K * 8 tt 
X- it, ^^^•i^-<5'5 4tt^^^^3'f;UT^f L i^-^-C*St). CCT-^K 

-^^^-L^-^co^iijgis ( * t: > ) it v * *v Y l 6£Jg^£ft-tv^s„ 

ICOiSStSWtSliS^iS^* 5 ^^ - * 7 U > ^ 5 2 i£ , 

y?^* KS±T»$*fc^^ H l 6 £ # it {4 e £ 

;}:tfT-|5 t ft©HS6Jf£JiS"tr&N K 1 6 * itt^ >> ^ > ^ ta«t 

£ © K , ff « fc , #8 ft » , Rj«l#*©ft<D«l6#«©«t-5*ll*S*'f? , 0^7' 

[ 0 0 3 6 ] 

^ - * 1 OCliDOA^S^iKti 1 -? §5. 08 A « x zWtifioi^ ^ 



( 21 ) 3 0 8 5 4 8 1? 

9 KCD<4«&&tii-r3©£, 9b¥*>V, M%L*>V, (polhemus) 

^^-^-itScot^ffll-S^t^T-^*. £ £> £ > Kia±», f&J i& 2^ « 14 2^ £ J; 
Vfi!!©t4®«ig©;tJ©«k-?fcffecD*^ 7" cd £ £ zftS{c?eoT{±i*1-S - i: # T- § 

7 -f * )\sMi& ft T* 3 - D ^ b ^ — > a > (elevation) |-> j ; I/ - ht5: i 
tfflS. ^ * F 1 6 ifi ^ y Y ±teifi z jtt t » o T^t&t" £>S§&£S-3^T 7 

— h';^^iiziiflI-Cfn$ti5i^, z i C }& o ;^ -y K 1 6©±Di£ 
UfSIOlitfl^ a - if # ^ >? f ;^ s> K 1 6$r3¥ffibT^'T y ^ £ H b 

, fett^-f 9f AAS:3 >^a-i> 1 0 C ( #1 ;L ft , }g M * -f * ^ , 3t 

^^-Y^^^SrffifflbT) ^AS^ttfT-ISi^, ^7^hT-«SIS»t5Cl 
£: # T- § -S . coin^f F 1 6««lt8»i"llf8*n*»^, z « ft ft 'i> 

i-5*zfa©^K)l±> a- — If ** K v K^jl^ffifflbTV^SHttMSn'SeVN^e.T- 
[ 0 0 3 7 ] 

•f^3-f ^Ti'f ii-* 5 4 ft, $f*b<ft=i'( , ;i/i;- ; 5'<> r ^^b^^tf. ^ 
c "f , S«Stft:3<';i'£jioTiSEft, v^^. y b©®i^i:ffl5ffffl IT, ^ fg # K 
;& *n cd J; -5 £ > t'^^j-^ — ^©"fi&SP (^•{/I'i&B:?^^^) 

(pager) * — # , D C * — * * Rlt^^*? Ft - ^©i©7^f i 
3i — * CD 5 & > fbCD^'frcD7'^5 L i3i — MtS^tiS'T-^. 3 & 

s ai-^ ft, t, *SV>ttzWi:ttSfcSfl&0# 

15 ( Ie] * ft ifeS J&) CiS^t, UK MM*. a * f i» «t *> S - # T* £ 

So d d T? , ^cDJ;^^tB^ai&ft> Sit t, z W 

[ 0 0 3 8 ] 



( 22 ) mmmmsmm 30 85 48 if 

«l III 85 * C « « ^f^»M6CMt**S. &tz, 
[ 0 0 3 9 ] 

[ 0 0 4 0 ] 

^ »f f i Bit, iftftvnMfcm hmmiz . 3>Ka-^Bcie^f 

S> > ^ ic JHje b T (compliantly) « » "T £> - t * s T? * % » W *- « * 1 * fc tt* 
g& © * :7 >; > ^ IS & 6 2 & * * ^ ^ * nA^y^^OHCStt^^ttfT^ 

momfc (compliant) $t&f$-Z>Zt&X-%%o 
[ 0 0 4 1 ] 

1 Sfc&ISSlfiDT*^:!^-* 6 4 # * s» ^ s» H 1 6 (DTM^mm^ nx^ 
3 o El 6 © IS Sfi ff£ HS T* ti; n EE*7*?-a:* — 

^ cr> — ^9- 6 6 tit * K 1 6 C JI *S £ ft v ffe©as^-6 8tiS17 0 K Jg 

S *l T S . S^68tf9d66t»bt»»tU, g|5 # 6 8 

ttii:fil7 Oi^iltS. H S 7 0 fcfc ^ 77^f 'jn4I88©t?*BrS 

0CDa»CJ:»)«tt** t SISjB-*ii^»«tt*tt 5 '^^ :, - :c "* 64 *^ l ' T 
* V + K 1 6te«$ft, * Y 1 6tt«i&att»»6 2 £ «fc DiM 

CfioTgftS. * v * * v K 1 6 (O M W) tt v ;t» K 1 6CH*iTV>« 

.3. — If # tt * i: L T ?S C £ <> 
[ 0 0 4 2 ] 

Witt, EStiSibtio^^It^^'f^^i'f n-^^fiffltS^i 5 



4^ ( 23 ) ^jflfegSSgg 3 0 8 54 8 1f 

jl 3i - * tt ffl f £> £ t tf t - I , 3CT-Ieieai^fi^l2zf4tr&oT^^O^ 
t^SiJft?,. #0*fcf. [5] © « oJ 8I<* (flexure) ^ ttM btg!{lt S ^ ttf 

[ 0 0 4 3 ] 

Of- f; b V> i&gTfc 2> # fiS (linear force implementation) 7H± > ^J^IfiSi 

^ s/^^y b-CD?g*:#IISFI ( -f & £> *> , X£fcfc*Y$ftk:i&-oT) £fH4Ma 
tMLTM#$n5»^v $S vw^ ^ * £ «: ft ^ fct s ^»7cS4goo^-ox 
ft S ^ C * T , J.-tfCDS^ai&t^F^^-S„ C *V K «t »3 , A-V;KD<t5& 
$iJ»$nfc^77'fA;i/^)^$:W^cD^--y^ h £ IE fit £ # ^ r--T£.3--1f©t& 
# # tg fc> ft 5 . KCD3ES*«aiB{4iE5t«:aSPJ5* (targeting) T* 

& s © -e , ispjistiffe tii'&^isiifntfi^iptfe'stfei* b < & 

■ OXYitlJStS Z till £ (5 i£ i& c> « 14 £ ft -5- "T £> » ;©J:niitii 
S IE 2> £ & 3 d £ < , M^«^M£^^l/^;i/T-^-1fKtt^1-3Ci:# 

ft T V<> 5 © T* s «?^Sfttt3»:7C©l^^T^#yb (divots) © «fc 5 * # 
y->*&WfcDAofcD*srtltfcZttfcJ&-3-cttl;&-rao £ ft £ £ t) , 8$ £S 

, * - V ;i> £ £ >< > p->**fc«*T*»s**&fc&fcffl:&£fts±lRJS^;»'* 
[ 0 0 4 4 ] 

[21 7 ii * # ig © * y 5=- y F l 6 © ¥ ® El t- -5 . # v ^ v P l 6 s H 



( 24 ) nmmm&mm 3 0 8 5 4 8 1 ^ 

^figtrfi^^-s-t^x-gSo c ft e> ©«*©^ < o 5&>©*«6JBS8tj 

tt , K««C5TJC7^f ax-^SSItS-^T-gS. -^s ffe © «t *i£ © * 

«fc V^ . 0 m * ft ft * AS » * T? « * **©*-V^M«»«7 0tt*-V 
&«>-r5©£{£/li£ft2>o 
[ 0 0 4 5 ] 

fct±flb©«B#*»*u-c. :Jit«i6UA-v^2 o£&t&£-e?>-i:#T-£ 

; t 4i^U^. ±T1 (jolts) -Tfcfc*. r^^^j g £ & * 1" i> 

;t4i-e^ fc^iii, fflaafcffia©***^-!:*^**-*- tftb*«n 
F 1 e^fcii^cSP^ttztti^^^^^S*^ 5 " * fc i © ifi » tt , 

[ 0 0 4 6 ] 

t> (texture force) Tf * * . ^OH^Oitt^ /WMAtS^ltV^tf^ 

^ v ^.^ v i«©««±©i-if©»©ffi«, # .t v / * fc «^ 4 v fm.m 

pq T . ©A-v;i.0ttI{:tt#t5*>®t$.5. £ © <fc -5 > 

£_ v ;1/i !^77^ y47«Bfl:Ci3»4*^©tt«*«*-t^»^fc*'S*fc:«# 
L T Hi 2> £ ft * . ^O^^ 70*(±$Hfl3ttt#t 5. t*b*, * - V * ifi m 

# Hi ±> 2 ft 3 . SfcA-V^tf^^*^*© r,s>r (bumps) j FICfilbT 



( 25 ) 




3 08548 1f 



V* S £ S tt * ;£> ffi *r £ ft ft ^ • ^ LT, A-VJl/#^>7JISxtgltU 



K * ffl » S ii S . ) o •ffeC'T-^T-Ji, ^ * * ^ -v fct , tH&&^--1FJcM^-r£ 



z t x- 
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ffl©A*ft*iLSfPJai«**ia!»*Cii:*-C*5. tb £> ^MMMX- It. g & ?> SI 
H&s K v Y 1 6 <D&mVz=? 4 > > #f , Sfcfcfcer^.x-^^T-'Mtttc (43 J: 
tf/Sfctta^lia — *10j&»&©*"C) ?-i'Ltii< ^t^T-lS, 3 tit 
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i: # Tf S * . «f! *. tt , J: !)^#^E*a^^^> ^ i ^<^^ D_;1/ ^ 
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b n 5* * -5 c % t^^j-^— ^ 8 6 » ia 3 © * *> *}■ v (Drnm^m t mn^ 

^ .^^^y-^S 2ti«git5Ci:!!i s f is. ft*tu, m 6 © * •» T 

>\ v y (Dum^mhnm^, m&nm.it&mtufc ^ * » * v -><o zmz. 

49 « tt * *s/^**y->©HJEJ&*S8 0(c(5)«t3SfflqItET-feSc 
[ 0 0 6 7 ] 

:tCEli/ft*^^**l < * * " * h * * * * * * * * ,; ~ y ) ^ ^ 
m^mx- tt . o.--tf©^«4^^y^A±»^e'e^Uit-i.-i:A J: »* , JT-fe-5« 84 

7 ^ _ p a y * fcfc a. — If # * ^glClht^S i: ICCAUiAtS^Stffe 
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